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METHOD OF AND SYSTEM FOR
CONTROLLING AN AIR CONDITIONER

BACKGROUND OF THE INVENTION

Many modern structures, especially large buildings, con-
tain interior space that 1s substantially sealed from the
external environment. The air within the interior building
space must be conditioned as to temperature and humidity,
and usually a minimum amount of oxygen must be supplied
to occupants of the building. Fresh, outdoor air may be used
to regulate the temperature and humidity within and to
supply oxygen to the interior space. For example, if the
outdoor air temperature generally 1s lower than the desired
temperature within the building, then the outdoor air may be
used to cool the interior space when the temperature within
the 1nterior space rises above a desired temperature, or a
so-called “set point”.

The air temperature may rise within a building due to
several sources, such as heat from cooking utensils and light
bulbs, sunlight impinging upon floors and walls, radiant heat
from exterior walls and windows, and heat generated from
building occupants. The amount of heat being generated in
the 1nterior space 1s sometimes referred to as the load of the
space.

Air within the interior space of the building should be
circulated 1n order to prevent air from becoming stagnant,
which might otherwise allow pockets of extreme tempera-
ture difference to develop within the interior space and
which might otherwise cause pockets of oxygen-depleted air
to develop within the interior space.

It 1s also usually desirable to maintain the air pressure
within the interior space at the same pressure as the outdoor
air pressure. Consequently, as fresh, outdoor air 1s admitted
into the mterior space, air should usually be discharged 1n an
equal quantity from the interior space into the outdoor
environment.

Often, the stmple admittance of fresh, outdoor air will be
suificient to maintain the temperature of the interior building
space at the set point. However, many times the temperature
of the outdoor air, the magnitude of the space load, and the
quantity of outdoor air being admitted into the interior space
1s mnsuflicient to maintain the set point, and the temperature
may rise above the set point. In such situations, it 1s desirable
to provide a heat exchanger, much like the cooling coils of
a household refrigerator, over which the fresh air, as well as
the recirculated interior air, passes before being introduced
into the 1nterior space. One or more heat exchangers may be
utilized, with the cooling power being increased by the
running of additional heat exchangers.

Conventionally, when the temperature of the interior
space equals or exceeds a certain number of degrees above
set point, the air conditioner 1s commanded to admit as much
outdoor air as possible and to pass all of the outdoor air and
the recirculated air past a running heat exchanger, whereby
the air being supplied to the interior space 1s cooled. Under
such command, the air being supplied to the interior space
may be exceptionally cold and cause discomiort to occu-
pants 1n the vicinity of air supply ducts. Also under such
command, thermostats located near the air supply ducts may
falsely suggest that the overall interior of the air space is
lower than 1n reality, and thermostats located remote from
air supply ducts may experience a delay in sensing a
temperature reduction of the overall interior air space. A
remotely located thermostat, such as a thermostat located in
the return air duct that supplies air to be recirculated over the
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heat exchanger, may indicate that the air 1s at set point while
the overall air temperature 1n the interior space may be
significantly below the set point. In either event, when the
thermostats sense that set point has been achieved, then they
command the heat exchanger to shut down.

Since the cooling fluid 1n each heat exchanger must be
pumped by a compressor, the starting and the stopping of the
compressors that pump the cooling fluid through the heat
exchangers causes compressor wear and fatigue. With con-
ventional command systems, the compressors are started
and stopped relatively frequently, which adversely effects
compressor life and increases maintenance and repair costs.

The present invention relates to a system and method of
regulating an air conditioner so that it helps ensure that the
interior air 1s cooled to set point, without overcooling, and
lessens the frequency with which the compressors are started
and stopped, thereby enhancing compressor life and reduc-
ing maintenance and repair costs.

SUMMARY OF THE INVENTION

The present invention relates to a method and system for
staging the cooling effect of an air conditioning unit in which
outside air 1s substantially prevented from passing through
the cooling unit for a prescribed time after the cooling
function has been 1nitiated.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention described with reference to the accompa-
nying drawings, wherein:
FIG. 1 1s a block diagram of a conventional air condi-

tioner that may be utilized 1in accordance with the present
imvention; and

FIG. 2 1s a block diagram 1illustrating a cooling unit
comprising two compressors and two heat exchangers 1n
parallel that may be utilized in the air conditioner shown 1n

FIG. 1; and

FIG. 3 1s a general tflow chart of the logic for integrated
staging of cooling units 1n accordance with a preferred
embodiment of the present invention.

DESCRIPTION OF A PREFERRED
EMBODIMENT

The following description of a preferred embodiment 1s
for the purpose of explanation, and not limitation. Some
specific details are set forth 1n order to provide a better
understanding of a preferred embodiment of the present
invention, however, 1n other instances, description of other
clements, features, and techniques are omitted so as not to
encumber or confuse the reader with unnecessary detail. It
will be apparent to one skilled in the art that the present
invention may be practiced 1n other embodiments that depart
from the following description and that differences may
exist from the embodiment specifically described without
departing from the spirit and scope of the present invention.
The following detailed description is therefore not to be
taken 1n a limiting sense.

The present mnvention will be described with reference to
the accompanying drawings, wherein like reference numer-
als refer to the same item.

There 1s diagramed in FIG. 1 a conventional air
conditioner, called an economizer, for supplying conditioned
air to, and exhausting air from, an enclosed space. Return air
from the 1nterior space flows 1n the direction of arrow 10 1nto
a return air duct 12 and may flow through a series of gates
or louvers 14 through an exhaust duct 16 to the outdoor
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environment, as indicated by the arrow 18. Alternatively, the
return air may flow through an entrance duct 20 and past a
sensor 22 that senses air temperature and humidity, also
known as enthalpy. The degree to which the return air passes
through the exhaust duct 16 or enters the entrance duct 20 1s

regulated by the degree to which the louvers 14 are opened
or closed.

Fresh, ambient, outdoor air flows 1n the direction of arrow
24 into an outdoor air entry duct 26 1n which 1s situated a
sensor 28 which senses the enthalpy of the outdoor air. A
series of louvers 30 are disposed 1n the outdoor air entrance
duct 26, whereby the degree of opening or closing the
louvers 30 varies the amount of outdoor air passing through
the outdoor air entrance duct 26. This system for admitting
outdoor air 1s usually called an economizer.

As shown 1n FIG. 1, the return air entrance duct 20 merges
with the outdoor air entrance duct 26 downstream of the
series of louvers 30. Another series of louvers 32 are
disposed at the mouth of the return air entrance duct 20,
whereby the degree of opening or closing of the louvers 32
controls the ratio of mixture of return air and outdoor arr.

A conventional filter 34 1s disposed within a central duct
36, which 1s located downstream of the return air entrance
duct 20 and the outdoor entrance duct 26, whereby any
merged outdoor air and return air 1s filtered of particular
matter. Located downstream from the filter 34 1n the central
duct 36 are one or more heat exchangers, and as shown 1n
FIG. 1, preferably two heat exchangers 40, 42. Although the
heat exchangers 40, 42 may be disposed 1n series within the
central duct 36, very preferably they are arranged 1n parallel,
as 1llustrated 1n FIG. 1, whereby some of the air traveling
through the central duct 36 passes through one heat
exchanger 40, and the other portion of the air traveling
through the central duct 36 passes through the other heat
exchanger 42.

As best shown 1n FIG. 2, each heat exchanger 40, 42 1s
operatively connected to a corresponding closed loop 44, 46,
respectively, containing cooling fluid. The cooling fluid 1n
cach closed loop 44, 46 1s circulated by means of a corre-
sponding pump or compressor 48, 50, respectively. Thus, 1t
will be appreciated that in a preferred embodiment, each of
the two heat exchangers 40, 42 may be operated 1ndepen-
dently of the other.

Further downstream from the heat exchangers 40, 42
within the central duct 36 1s a fan 52 which draws either
outdoor air or return air or both through the central duct 36.
Further downstream from the fan 52 are conventional heat-
ing elements, which may be used to heat the air passing
through the central duct 36, however, the heating elements
54 are not germane to the present invention.

Air travels downstream from the central duct 36 to a
discharge or supply air duct 56 and passes a supply air sensor
58, which senses the enthalpy of the supply air delivered to
the interior space of a building.

In conventional systems, when the temperature of the
return air sensed by the sensor 22 equals or exceeds a
predetermined amount above the set point, then the louvers
30 1n the outside air supply duct 26 are opened wide and one
or more of the compressors 40, 42 are started. As previously
stated, this condition may result in an overcooling of the air
discharged from the supply air duct 56 such that the area in
the vicinity of the supply air duct 56 may be too cool. As
cool air continues to be discharged from the supply air duct
56, the 1nterior space will be gradually cooled, which will be
sensed by the return air sensor 22. When the temperature
sensed by the return air sensor 22 achieves set point, then the
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COMpPressor or compressors operating one or more of the
heat exchangers will be shut down and the cooling effect of
the one or more heat exchangers will gradually dissipate.
Because of the remote location of the return air sensor 22
from the supply air duct 56, the average temperature of the
alr 1n the interior space may be actually significantly lower
than the set point, which again results 1n a general over-
cooling of the mterior space, not just 1n the vicinity of the
supply air duct 56.

Additionally, the compressor or compressors may “cycle
off” or shut down because supply air temperature 1s too low
or because the compressor or compressors are pumping
cooling fluid too fast. If the supply air temperature 1s lower
than a predetermined temperature, then a safety shut down
switch will automatically cause the compressor or compres-
sors to shut down. Likewise, if a pressure sensor (not shown)
detects that the pressure level of the cooling fluid 1s too low,
the pressure sensor also triggers a safety shut down switch
that shuts down the associated compressor. In some
instances, where two compressors are used, the safety shut
down switches can cause both compressors to cycle off.
Such shut down places stress on the compressor or com-
pressors and also interferes with the delivery of relatively
cool supply air.

In accordance with a preferred embodiment of the present
invention, the louvers 30 1n the outside air supply duct 26 are
closed or turned to a minimum open position when the return
air sensor 22 senses that the temperature of the return air
equals or exceeds a predetermined amount above a set point
and causes one of the compressors 40, 42 to be started or
enabled to thereby actuate the associated heat exchanger 40,
42. The louvers 30 are maintained at a closed or minimum
open position for either a predetermined time interval or
until the temperature of the supply air sensed by sensor 58
achieves a predetermined temperature. In a preferred
embodiment, the time delay may be about thirty seconds to
four minutes. In a preferred embodiment 1involving interior
space 1n which animals or humans are occupants, preferably
the predetermined temperature of the supply air 1s in the
range of about 62° F.—72° F., for example, 68° F. Once the
fime period expires or the supply air temperature has
achieved a predetermined temperature, whichever 1s sooner,
there 1s another short, predetermined time delay preferably
in the range of about thirty seconds to four minutes, and
most preferably about three minutes. At the expiration of this
second delay, the controller for the air conditioner enables
the louvers 30 so that they may be opened relatively
oradually, in accordance with conventional operating com-
mands.

The staging routine of the present invention effectively
allows the return air sensor 22 to determine what effect one
of the compressors and heat exchangers 1s making, before
determining how much the louvers 30 should be opened to
augment the cooling effect. As such, the present invention
prevents overcooling of the supply air while promoting
longer compressor run times and avoiding frequent starting
and stopping of the compressor or compressors.

In an embodiment of the invention mvolving more than
onc compressor and associlated heat exchanger, the same
procedure can be utilized to determine whether the second
compressor and heat exchanger should be enabled. That 1s,
it the return air sensor 22 continues to detect that the return
air has not achieved a set point within a predetermined time
interval after the first compressor and heat exchanger have
been enabled and after the louvers 30 have been fully
opened, then the controller will command the louvers 30 to
be shut to a closed or minimum open position and will direct
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that both compressors be enabled to cause both heat
exchangers to be cooled, and the process will be repeated.

In more specific detail, air conditioners such as those
previously described are conventionally controlled through
a so-called “PID loop”, which 1s an acronym {for
proportional, integral, and derivative loop. The loop ana-
lyzes data from various temperature sensors and runs the
data through a standard equation to determine what the
desired supply air temperature should be. If the supply air
temperature 1s higher than the calculated, desired
temperature, then the louvers 30 may be opened or addi-
tional compressors may be enabled. If the actual supply air
temperature 1s lower than the desired, calculated
temperature, then the compressors may be dlsabled or the
louvers 30 may be more closed. A standard PID loop
equation is as follows: SAT=(error)x(the sum of a propor-
fional term+a starting value+an integral value+a derivative
value). The term “SAT” 1s the supply air temperature. The
term “error” 1s the difference between the return air tem-
perature and the set point. The proportional term 1s the
instantaneous error. The starting value 1s a selected tempera-
ture. The integral value 1s the average demand over time.
The derivative value 1s the rate of change of the return air
temperature over a predetermined, prior time interval.

In accordance with the present invention, the integral
value 1s set to zero when the return air sensor 22 senses that
the temperature of the return air equals or exceeds a prede-
termined amount of the set point.

The present invention can be implemented 1n existing air
conditioning controller systems by retrofitting new com-
puter software or programs into existing controllers.

FIG. 3 depicts a flow chart 1llustrating the operation of the
computer software.

While the invention has been described in conjunction
with a preferred embodiment, 1t 1s evident that numerous
alternatives, variations, and modifications will be apparent
to those skilled in the art in light of the foregoing descrip-
tion. Thus, 1t 1s understood that the invention 1s not to be
limited by the foregoing illustrative details.

What 1s claimed 1s:

1. A method of staging the cooling effect of an air
conditioning unit adapted to cool air within a substantially
enclosed structure, said unit including an air duct in com-
munication with both the region internal to said structure
and the region external to said structure, at least one heat
exchanger adapted to cool air substantially within said duct,
at least one compressor adapted to pump coolant through an
assoclated one of said at least one heat exchangers, at least
one louver disposed substantially within said duct and
movable from a fully closed position whereby air from said
external region 1s substantially prevented from moving
through said duct to said at least one heat exchanger to a
substantially fully open position whereby air from said
external region may flow substantially unimpeded through
said duct to said at least one heat exchanger, at least one
fimer, at least one supply air temperature sensor adapted to
sense the temperature of air exiting said duct into said
internal region, and at least one return air temperature sensor
adapted to sense the temperature of air returning to said duct

from said internal region, said method comprising the steps
of:

(a) establishing a set point temperature for the tempera-
ture of air 1n said internal region;

(b) establishing a triggering temperature which is higher
than said set point temperature;

(c) establishing a threshold temperature;
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(d) determining the temperature sensed by said at least
one return air temperature sensor;

(¢) moving said at least one louver to a substantially fully
closed position when the temperature sensed by said at
least one return air temperature sensor substantially
equals or exceeds said triggering temperature;

(f) operationally activating said at least one compressor
whereby coolant 1s pumped to said associated at least
one heat exchanger and whereby air within said duct 1s

cooled by said associated at least one heat exchanger
when the temperature sensed by said at least one return
alr temperature sensor substantially equals or exceeds
said triggering temperature;

(g) maintaining said at least one louver in a substantially
fully closed position for a time period substantially
immediately after the temperature sensed by said at
least one return air temperature sensor substantially
equals or exceeds said triggering temperature and said
at least one louver 1s moved to a substantially closed
position and said at least one compressor 1s operation-
ally activated, said time period substantially calculated
by the sum of:

(1) either a first predetermined time interval or the time
until when the temperature sensed by said at least
one supply air temperature sensor achieves said
threshold temperature, whichever 1s shorter, and

(2) a second predetermined time interval; and

(h) allowing said at least one louver to move away from
said substantially closed position substantially only
alter said time period has lapsed.

2. A method according to claim 1 wherein said {first
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

3. A method according to claim 2 wherein said threshold
temperature is in the range of about 62° F. to 72° F.

4. A method according to claim 3 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

5. A method according to claim 2 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

6. A method according to claim 1 wherein said threshold
temperature is in the range of about 62° F. to 72° F.

7. A method according to claim 6 wherem said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

8. A method according to claim 1 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

9. A method of staging the cooling effect of an air
conditioning unit adapted to cool air within a substantially
enclosed structure, said unit including an air duct in com-
munication with both the region internal to said structure
and the region external to said structure, at least one heat
exchanger adapted to cool air substantially within said duct,
at least one compressor adapted to pump coolant through an
associated one of said at least one heat exchangers, at least
onc louver disposed substantially within said duct and
moveable from a fully closed position whereby air from said
external region 1s substantially prevented from moving
through said duct to said at least one heat exchanger to a
substantially fully open position whereby air from said
external region may flow substantially unimpeded through
said duct to said at least one heat exchanger, at least one
timer, at least one supply air temperature sensor adapted to
sense the temperature of air exiting said duct into said
internal region, and at least one return air temperature sensor
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adapted to sense the temperature of air returning to said duct
from said internal region, said method comprising:

(a) establishing a set point temperature for the tempera-
ture of air 1n said internal region;

(b) establishing a triggering temperature which is higher
than said set point temperature;
(¢) establishing a threshold temperature;

(d) determining the temperature sensed by said at least
one return air temperature sensor;

(¢) moving said at least one louver to a substantially fully
closed position when the temperature sensed by said at
least one return air temperature sensor substantially
equals or exceeds said triggering temperature;

() operationally activating said at least one compressor
whereby coolant 1s pumped to said associated at least
one heat exchanger and whereby air within said duct 1s
cooled by said associated at least one heat exchanger
when the temperature sensed by said at least one return
alr temperature sensor substantially equals or exceeds
said triggering temperature;

(g) maintaining said at least one louver in a substantially
fully closed position for a time period substantially
immediately after the temperature sensed by said at
least one return air temperature sensor substantially
equals or exceeds said triggering temperature and said
at least one louver 1s moved to a substantially closed
position and said at least one compressor 1s operation-
ally activated, said time period substantially calculated

by the sum of:

(1) either a first predetermined time interval or the time
until when the temperature sensed by said at least one
supply air temperature sensor achieves said threshold
temperature, whichever 1s shorter; and

(2) a second predetermined time interval; and

(h) allowing said at least one louver to move away from
said substantially closed position substantially only
after said time period has lapsed.

10. A method according to claim 9 wheremn said first
predetermined time interval 1s on the range of about thirty
seconds to four minutes.

11. A method according to claim 10 whereimn said thresh-
old temperature is on the range of about 62° F. to 72° F.

12. A method according to claim 11 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

13. A method according to claim 10 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

14. A method according to claim 9 wherein said threshold
temperature is on the range of about 62° F. to 72° F.

15. A method according to claim 14 wherein said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

16. A method according to claim 11 wherem said second
predetermined time interval 1s 1n the range of about thirty
seconds to four minutes.

17. A system for staging the cooling effect of an air
conditioning unit adapted to cool air within a substantially
enclosed structure, said unit including;:

(a) an air duct in communication with both the region
internal to said structure and the region external to said
structure;

(b) at least one heat exchanger adapted to cool air sub-
stantially within said duct;

(c) at least one compressor adapted to pump coolant
through an associated one of said at least one heat
exchangers;
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(d) at least one louver disposed substantially within said
duct and moveable from a fully closed position
whereby air from said external region 1s substantially
prevented from moving through said duct to said at
least one heat exchanger to a substantially fully open
position whereby air from said external region may
flow substantially unimpeded through said duct to said
at least one heat exchanger;

(e) at least one timer;

(f) at least one supply air temperature sensor adapted to
sense the temperature of air exiting said duct into said
internal region;

(g) at least one return air temperature sensor adapted to
sense the temperature of air on said internal region
returning to said duct;

(h) control means for:

(1) establishing a set point temperature for the tem-
perature of air on said internal region;

(2) establishing a triggering temperature which is
higher than said set point temperature;

(3) establishing a threshold temperature;

(4) determining the temperature sensed by said at least
one return air temperature sensor;

(5) moving said at least one louver to a substantially
fully closed position when the temperature sensed by
said at least one return air temperature sensor sub-
stantially equals or exceeds said triggering tempera-
ture;

(6) operationally activating said at least one compressor
whereby coolant 1s pumped to said associated at least
one heat exchanger and whereby air within said duct
1s cooled by said associated at least one heat
exchanger when the temperature sensed by said at
least one return air temperature sensor substantially
equals or exceeds said triggering temperature;

(7) maintaining said at least one louver in said sub-
stantially fully closed position for a time period
substantially immediately after the temperature
sensed by said at least one return air temperature
sensor substantially equals or exceeds said triggering,
temperature and said at least one louver 1s moved to
a substantially closed position and said at least one
compressor 1s operationally activated, said time
period substantially calculated by the sum of:

(a) either a first predetermined time interval or the
time until when the temperature sensed by said at
least one supply air temperature sensor achieves
said threshold temperature, whichever 1s shorter,
and

(b) a second predetermined time interval; and

(8) allowing said at least one louver to move away from
said substantially closed position substantially only
after said time period has lapsed.

18. A method of staging the cooling effect of an air
conditioning unit adapted to cool air within a substantially
enclosed structure, said cooling unit adapted to permit air
from outside said structure to pass through the cooling unit
and enter the interior of said structure, said method com-
prising the steps of:

(a) initiating the cooling function of the cooling unit;

(b) substantially preventing air from outside said structure

from passing through said cooling unit for a time period

commencing substantially upon initiating said cooling,
function, said time period calculated according to at
least one preselected criteria,

(c) wherein said at least one preselected criteria is selected
from the group consisting of at least one predetermined
time 1nterval and the temperature of air exiting said
cooling unit.
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19. A method according to claim 18 wherein at least one
of said at least one predetermined time interval is in the
range ol about thirty seconds to four minutes.

20. A method of staging the cooling effect of an econo-
mizer controlled substantially through a PID loop compris-
ing the steps of:

(a) initiating the cooling function of the economizer;

(b) substantially preventing outside air from entering said
economizer for a time period commencing substan-
tially upon 1nitiating said cooling function, said time
period calculated according to at least one preselected
criteria; and

(c) permitting outside air to enter said economizer after
said time period,

(d) wherein said at least one preselected criteria is
selected from the group consisting of at least one
predetermined time interval and the temperature of air
exiting said cooling unit.

21. A method according to claim 20 wherein said at least

one of said at least one predetermined time 1nterval 1s 1 the
range of about thirty seconds to four minutes.
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22. An economizer mcluding means for regulating the
amount of outside air that enters the economizer, said
economizer mcluding:

(a) control means operatively connected to said regulating
means and adapted to automatically command said
regulating means to substantially prevent outside air
from entering the economizer for a time period com-
mencing substantially upon the 1nitiation of the cooling
function of said economizer, said time period calcu-
lated according to at least one preselected criteria,

(b) wherein said at least one preselected criteria is
selected from the group consisting of at least one
predetermined time interval and the temperature of air
exiting said economizer.

23. An economizer according to claim 22 wherein at least
one of said at least one predetermined time 1nterval 1s 1 the
range ol about thirty seconds to four minutes.
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